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Introduction

The Wilderness Act (Public Law 88-577, September 3, 1964) and related 

acts require the U.S. Geological Survey and the U.S. Bureau of Mines to survey 

certain areas on Federal lands to determine their mineral resource 

potential. Results must be made available to the public and be submitted to 

the President and the Congress. This report presents the results of a 

geophysical survey of the Sheep Hole/Cadiz Wilderness Study Area, Desert 

Conservaton Area, San Bernardino County, California. The Sheep Hole/Cadiz 

Wilderness was established by Public Law 94-579, October 21, 1976.

During March, 1980 and March and October, 1981 gravity data were 

collected in the Sheephole/Cadiz Wilderness Study Area by the U.S. Geological 

Survey. This was done to aid the Bureau of Land Management in assessing the 

mineral potential of the area as part of the Desert Lands Wilderness Study 

Program. This report describes the data (432 stations) and presents the 

principal facts for the data and for other data (80 stations) previously 

available for the area (Snyder and others, 1982).

The study area extends over parts of four 15' USGS quadrangles (see fig. 

1) and lies in the southwestern corner of the Needles l:250,000-scale 

quadrangle, approximately 20 miles east of Twentynine Palms, California. The 

primary topographic features are: the Pinto Mountains, Dale Lake, the 

Sheephole Mountains, the Calumet Mountains, and Cadiz Lake.

Data Collection

The gravity observations were made using LaCoste & Romberg gravity 

meters. Meter numbers and dates used are given in Appendix A. Four primary 

base stations were used. Descriptions for these are given in Appendix B.
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Stations located in the broad valley regions were accessed by 4-wheel 

drive vehicles. Most of the stations located on peaks and near the flanks of 

ranges were accessed by helicopter.

Elevations sources

Elevations were obtained from several kinds of sources including: Bench 

marks (85 stations), checked spot elevations (Black spots on 15' quadrangles, 

103 stations), unchecked spot elevations (Brown spots on 15' quadrangles, 9 

stations), aerial photographs (11 stations) and contour lines (224 stations). 

Locations and elevations for 190 of the 432 stations were obtained using a 

Hewlett-Packard model 3810B Medium Range Total Station surveying device. The 

Total Station is a recently developed device which uses an infra-red laser to 

return vertical and horizontal distance information at a nominal range of 

25,000 feet. Elevation control for the Total Station was obtained from 

benchmarks, or black spots (or well-controlled contour lines in Cadiz Lake-see 

Appendix D). The type of elevation control for each station is specified in 

the station identification. The key for the station identification is given in 

Appendix C. Station elevation errors are discussed in Appendix D.

Data Reduction

Observed gravity values were obtained by tying meter readings (with the 

following corrections: meter multiplier, linear meter drift, and earth tides) 

to the 1971 International Gravity Standardization Net. Theoretical gravity 

values were calculated using the 1967 formula of the Geodetic Reference System 

(International Association of Geodesy, 1971).

The free air anomaly and the complete Bouguer anomaly were calculated for 

all stations. Terrain corrections and earth curvature corrections (Lambert,



The calculations were performed by the USGS Honeywell Multics computer 

system using unpublished programs written at the USGS. The program for 

converting meter readings to observed values was written by D. Dansereau and R. 

Wahl. Theoretical gravity and the remaining corrections were calculated in a 

single program by R. H. Godson. This program performs terrain corrections 

using a method described by Plouff, 1977. The terrain data base used for the 

terrain corrections was in gridded form. Grid point spacing was 15 seconds, 1 

minute, and 3 minutes, increasing with distance from each station.

An analysis of expected errors in the complete Bouguer anomaly is given in 

Appendix D. A complete listing of the principal facts for the gravity stations 

is given in Appendix E.
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APPENDIX A

Table 1. Gravity meters

La Coste & Romberg Gravity Meter No. Data description 

G-24 All 1980 stations 

G-9 Mar. 1981 stations

G-161 Oct. 1981 Those stations with an
"s" in the station identification

G-159 Oct. 1981 Those stations with a
"+" in the station identification

G-22 Oct. 1981 Those stations with a "d"
in the station identification



APPENDIX B 

Base stations

H>_________LAT_______LONG__________ELEV__________GRAVITY IGSN71

DCCB 33°42.78' -115°24.20' 906' 979,501.48 

Description:

Accuracy: ±.1 mgal. Station Designation: Desert Center. 

Reference code: ACIC 2325-1. Located at Desert Center in the north 

wall of the Desert Center Cafe and Greyhound Bus Depot, just west of 

the front door. Reading is taken on the sidewalk 3.5 feet below the 

disc annotated USC & GS G-132.

PB 1712 33°42.34' -115°20.75' 820' 979,518.556 

Description:

Established by Robert Jachens (personal commun., 1981) located on 

Interstate Highway 10 3.1 miles east of Desert Center. Station is 

on rock outcrop 90 feet south of south edge of Highway 10, 30 feet 

north of a fence, 180 feet west of the west end of bridge 56-44R and 

about level with the highway. Read with the meter facing south.

PB 0818a 34°04.62' -115°34.18' 1883' 979,466.863 

Description:

Established by Robert Jachens (personal commun., 1980) located about 

28 miles east of Twentynine Palms along the Twentynine Palms Hwy. 

(Hwy. 62), southwest of the highway opposite north end of a turnout 

to a gravel pit, on rock outcrop about 25 feet southwest of and 

about 7 feet higher than NGS BM "H1330 1978". Read with meter 

facing away from road.



PB 0817a 34°12.29' -115°43.18' 1840' 979,475.558 

Description:

Established by Robert Jachens (personal commun., 1980) located about 24 

miles east of Twentynine Palms along the Amboy road 6 inches west of NGS 

BM "J1251 1974". Read with the meter facing away from road.



APPENDIX C

Station Identifier Description

The following example will suffice as a description: 

Example: 2klc+078 

2k = Elevation control

k reference elevation type (see list below) 
black spot elevation in this example

2 number of laser shots between the reference elevation 
and the station

Ic = Date of station

c month (see list below)
October in this example

1 year
1981 in this example

+078 = Station identification

+078 Any combination of symbols unique to the date of station



Reference elevation symbols:

m bench Mark

k blacK^ spot elevation

n browN^ spot elevation

p air photograph

c ^pntour line

a Altimeter

h ^Helicopter

Note: If "a" or "h" appears in place of the number of laser' shots 

this means that an altimeter was used to get an elevation 

difference between the station and a nearby reference 

elevation. Preliminary checks indicate that this method is 

more accurate than reading the contour lines.

Month symbols:

j

f

m

a

y

u

1

g

s

c

n

d

January

February

March

April

maY_

jUne

JuLy

auGust

September

oCtober

November

December

10



APPENDIX 2 

Error Analysis

Elevations obtained from bench marks are accurate to better than ±1 

foot. Black spot elevations are accurate to better than ±5 feet (U.S. 

Geological Survey, 1952). Brown spot elevations should be within 1/2 of a 

contour interval. Surveyed stations have been shown (by measureing a 35,000 

foot line of bench marks) to be within 1 foot for each Total Station 

measurement under 25,000 feet. Typically a station will require two 

measurements, one from the Total Station to the gravity station and a second 

from the Total Station to a known elevation point. A maximum error for the 

surveyed station can be established based on the number of Total Station 

measurements and the error of the elevation control.

Station locations which were not on bench marks, black spots, brown spots 

or surveyed in were marked on aerial photographs. The elevations for a small 

number of these stations were then taken directly from the photos (using a 

stereoscopic elevation plotting device). They are as accurate as the brown 

spot elevations.

Unfortunately, most areas in the 15' quadrangles did not provide enough 

reliable elevation control points to level the air photos. Points from these 

areas were transferred to topographic maps and the elevations were read from 

the contour lines. Errors for this method may be broken into two 

catagories: 1) errors in the contour line positions, 2) errors resulting from 

difficulties associated with reading the map (stemming from local topography 

that is not expressed in the contour lines).

11



Following is a tabulation of the errors:

Description of 
Error

Quadrangles with 40 foot 
contour interval

Quadrangles with 80 foot 
contour interval

Bristol Lake, Cadiz Lake Dale Lake, Cadiz Valley

Standard contour line 
errors

± 20' ± 40'

Estimated reading errors 
Total

± 10'
± 30'

± 20'
± 60'

Bouguer gravity errors 
resulting from elevation errors

In the complete Bouguer anomaly a 100 foot elevation error produces 

approximately a 6 mgal error with a 2.67 g/cc reduction density. The 

following table shows gravity errors for the elevation errors given above:

Gravity Error 

.006 milligal 

.3 milligal 

2.4 milligal 

1.2 milligal 

1.8 milligal 

3.6 milligal

.06 milligal 
Measurement

Type

Benchmark

Black spot

Brown spot

Air photo

40' contour

80' contour

1 Total Station

Elevation Error

.1 foot

5 feet

40 feet

20 feet

30 feet

60 feet

1 foot

12



Terrain correction tabulation

All terrain corrections from 0.895 km to 166.7 km from the station were 

done by computer (Plouff, 1977). Maximum expected error is .3 mgal. Most 

terrain corrections from 0 to .895 km were also done by computer (Plouff, 

1977). Errors expected for these corrections increase in proportion to local 

topographic variations but should not exceed .7 mgal.

Following is a list of stations on which more accurate inner terrain 

corrections were performed.

Description of method
used for the correction Stations

.cOm=012 

.cOm=013

Special computer program written ,cOm=022
by M. W. Webring.
Maximum error is .1 mgal. ,cOm=023

.cOm=035 

.cOm=038 

.kOm=043 

.cOm=055 

.cOm=066 

.cOm-071 

,cOm=073 

.cOm=130

13



Description of method 
used for the correction

Modified Hammer hand terrain 
correction computer program 
Maximum error .3 mgal

Stations 

.nlc+251 

.plc+256 

.clc+264 

.clc+270 

.clc+271 

.clc+272 

.cic+273 

.nlc+274 

.nlc+277 

.nlc+278 

hklc+283 

.nlc+285 

hnlc+286

Other errors

There are four other sources of error: 1) latitude errors, 2) gravimeter 

errors, 3) base station errors, and 4) tidal correction errors.

Some of the station locations are uncertain within a 40 meter radius. 

The latitude correction at 34°15 / varies by approximately 7.56 x 10~ 

mgal/meter. This gives a latitude error of approximately .03 mgal.

Gravity meter reading errors are typically .02 mgal. Gravity meter drift 

which cannot be accounted for amounts to .04 mgal.

The base station errors vary considerably although .1 mgal may be 

considered maximum. Tidal correction errors are probably smaller than .01 

mgal.
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General Error Tabulation

The stations in this study, for convenience, may be broken into 2 

categories: 1) those accurate to within 1 mgal and 2) those with errors 

ranging up to 5 mgal.

Stations with bench mark, black spot and/or laser elevation control fit 

into category 1, Most of them are located in non-mountainous areas so the 

terrain correction errors are small. Following is a tabulation of the worst 

expected errors,

Description Worst Error (mgal) 

black spot ,3 

2 Total Station measurements .12 

terrain correction .5 

latitude .01 

gravimeter .06 

base station .1 

tidal correction .01

Total 1.10 mgal

Brown spot, air photo, or contour elevation control are in category 2. 

(Note that some stations which were surveyed in and near Cadiz lake have a 

contour reference elevation. However the lake bed elevation is known to 

within 2 feet so these stations fit into category 1.)

The category 2 stations are mostly in mountainous areas so their terrain 

correction errors are larger than the category 1 stations. Following is a 

tabulation of the worst expected errors.

15



Description Worst Error (mgal)

80' contour 3.6

terrain correction 1.0

latitude .03

gravimeter .06

base station .1

tidal correction .01

Total 4.80 mgal

The 4.8 mgal maximum error seems excessive and the authors do not believe 

this amount of error is present in more than a few stations. This judgment is 

based on the consistency exhibited in the contoured map of the stations. A 

2.5 mgal error is probably a more reasonable assumption for the stations in 

category 2.

16
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